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CATALYST COMPOSITION 



FIELD OF THE INVENTION 

T^T^^Ton relates to a catalyst with improved 
catalytic properties, particularly a catalyst suitable for the 
preparation of epoxides. 
5 parg nKOTTND OF THE INVENT ION 

Methods have been described for lowering the total 
concentration of soluble species in the bulk of a catalyst 
carrier These methods generally involve a process by which 
the carrier is manufactured in such a way so as to lower the 
10 concentration of those species throughout the bulk of the 
carrier. These approaches limit the formulation of carriers, 
often times with undesirable consequences such as hrgh carrier 
density . 

US Patent No. 4,797,270 discloses water washing to 
reduce the sodium content of an alumina powder. The pH of the 
wash water may need to be adjusted for extraction of other 
metals and Japanese patent JP56164013 discloses the use of a 
low PH (acid) to extract uranium and thorium from a calcined a- 

alumina raw material. 

US Patent Nos . 4,361,504 and 4,366,092 suggest that 
ethylene oxide catalyst be water washed after the deposition of 
silver or silver/gold on the earner. EP-211521 discloses 
washing of a catalyst with hot water to remove basic materials 
left on the catalyst from a silver impregnation process or the 
physical deposition of alkali metals. US Patent No. 4.367,167 
discloses a process for a supported catalyst wherein an 
impregnated support is immersed in an inert water immiscible 
organic solvent containing a dissolved aliphatic amine. US 
Patent No 4,810,689 discloses depositing a silver compound, 
decomposing the silver compound to silver in the presence of an 
alkali metal compound, removing organic deposits by washing and 
introducing fresh alkali metal by impregnation during or after 
the washing stage. U.S. Patent Nos. 4,186,106 and 4,125,480 
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■i-h an inert liquid after deposition of the 
disclose washing with an inert q DrQmoter mat enal . 

r:r, rr.r, rr:/:,» r 

properties . 

10 SLTOOdjX^ll^^ . there is provided a 

According to the invention, 
catalyst carrier comprising a material having 

„ rate no greater than 5 ppmw/5 minutes, 
solubilization rate nog inventio n provides a 

Another embodiment of tne 

irrjrz. •«:r..r:ir: 

deposited on said carrier. inventio n provides a 

A further embodiment ot tne 

M e for the vapor phase production of oxiranes 
catalyst suitable for the vap y havinq a sodium 

» zrr ~~ - 

reactive silver deposited on said carrier. 
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^^T^een found that carriers which have a 
controll od solubilization rate r n particular 
and/or soluble silicate solubilization rates P 

ti ctalvtic properties, such as aczi y 
with improved catalytic P P performance over 

selectivity and activity and/or select! y 

time . controlling the solubilization ra ^ _ 

to improve the properties of most the 
impure the bulk carrier material. Further, 



solubilization rate will work for organic or inorganic 

The typical earner of the invention has a sodium 
solubrlrzatxon rate in boiling water which is controlled to be 
no greater than 5 ppmw/5 minutes. As used herein, boiling 
water is deemed to have a temperature of 100°C. "Solubilization 
rate" as used herein refers to the measurable solubilization 
rate of the sodium in a solution after the carrier is placed in 
the solution for a specified time and at a ratio of boiling 
solution to carrier of 3:1. Thus, a solubilization rate in 
boiling water of 5 ppmw sodium/5 minutes is the amount of 
sodium measured in the water after the carrier has been in the 
boiling water for five minutes. 

Carriers are commonly inorganic materials such as, 
for example, alumina-, silica-, or ti tania-based compounds, or 
combinations thereof, such as alumina- silica carriers. 
Carriers may also be made from carbon-based materials such as, 
for example, charcoal, activated carbon, or fullerenes. 
lonizable species typically present on the inorganic type 
carriers include sodium, potassium, aluminates, soluble 
silicate, calcium, magnesium, aluminosilicate , cesium, lithium, 
and combinations thereof. Of particular concern are the 
iomzable anionic species present on the surface, particularly 
ionizable silicates. The solubilization rate of silicates may 
be measured by inductively coupled plasma (ICP) techniques and 
the amount of silicon species on a surface may be measured by 
x-rav photoelectron spectroscopy (XPS) ; however, since sodium 
is soluble in the same solutions that silicates are soluble m, 
the solubilization rate of sodium becomes a simpler check of 
, the ionic species removal and it has been chosen as the 
indicator to define the present invention. Another measurement 
technique is to measure the electrical conductivity of the 
treatment solution. 

Control of the solubilization rate may be obtained by 
5 a multiple of means. The raw materials for the carrier can be 
tightly controlled, for example. Or the surface of the carrier 



may be treated. As used herein, the "surface" of the carrier 
is that area of the carrier which may be measured by BET 
analysis. Specr f ically , the surface of the carrier is the site 
at which reaction takes place. Lowering the concentration of 
ionizable species on the surface of the carrier has been found 
to be an effective and cost efficient means of achieving the 
desired sodium solubilization rate. An "ionizable" species is 
a species which is capable of being rendered ionic, where the 
term "ionic" or "ion" refers to an electrically charged 
chemical moiety. 

Lowering the surface solubilization rate of ionizable 
species may be accomplished by any means (i) which is effective 
in rendering the ionizable species ionic and removing the 
species, or (ii) which renders the ionizable species insoluble, 
or (iii) which renders the ionizable species immobile; however, 
use of aggressive medias is discouraged as these medias tend to 
dissolve the carrier, extract too much material from the bulk, 
and generate acidic or basic sites in the pores. Acids, which 
are considered aggressive media, will remove the cations on a 
carrier but are fairly ineffectual in removing the undesirable 
anions, such as silicates. Effective means of lowering 

concentration include washing the carrier; ion exchange; 
volatilizing, precipitating, or sequestering the impurities; 
causing a reaction to make the ionizable species on the surface 
insoluble; and combinations thereof. The bulk carrier may be 
treated, or the raw materials used to form the carrier may be 
treated before the carrier is manufactured. Even greater 
improvements in solubilization rate control are seen when both 
the carrier raw materials and the finished carrier are treated. 

To make a catalyst from the carrier, the carrier is 
typically impregnated with metal compound(s), complex(es) 
and/or salt(s) dissolved in a suitable solvent sufficient to 
deposit or impregnate a catalyt ical ly effective amount of metal 
on the carrier. As used herein, "catalytically effective 
amount" means an amount of metal that provides a measurable 
catalytic effect. For example, a catalytically effective 



amount of metal when referring to an olefin epoxidation 
catalyst is that amount of metal which provides a measurable 
conversion of olefin and oxygen to alkylene oxide. In 
addition, one or more promoters may also be deposited on the 
carrier either prior to, coincidental ly with, or subsequent to 
the deposition of the catalytically reactive metal. The term 
"promoter" as used herein refers to a component which works 
effectively to provide an improvement in one or more of the 
catalytic properties of the catalyst when compared to a 
catalyst not containing such component . 

Further improvement in the catalyst properties are 
seen when the metal deposition is effected by contacting the 
carrier with an impregnation solution whose hydrogen ion 
activity has been lowered. "Hydrogen ion activity" as used 
herein is the hydrogen ion activity as measured by the 
potential of a hydrogen ion selective electrode. As used 
herein, a solution with "lowered" hydrogen ion activity refers 
to a solution whose hydrogen activity has been altered by the 
addition of a base, such that the hydrogen ion activity of the 
altered solution is lowered compared to the hydrogen ion 
activity of the same solution in an unaltered state. The base 
selected to alter the solution may be chosen from any base or 
compound with a pKb lower than the original impregnation 
solution. It is particularly desirable to chose a base which 
does not alter the formulation of the impregnation solution; 
i.e., which does not alter the desired metals concentration in 
the impregnation solution and deposited on the carrier. 
Organic bases will not alter the impregnation solution mewl, 
concentrations, examples of which are tetraalky lammonium 
hydroxides and 1 , 8 -bi s- ( dimethylamino ) -naphthalene . If 
changing the metals concentration of the impregnation solution 
is not a concern, metal hydroxides may be used. 

When the impregnation solution is at least partially 
aqueous, an indication of the change in the hydrogen activity 
may be measured with a P H meter, with the understanding that 
the measurement obtained is not pH by a true, aqueous 



definition. -Measured pH" ' as used herein shall mean such a 
.nn-aaueous system pH measurement using a standard P H probe. 

the "measured pH" from the initial 



Even small changes 
impregnation solution to that with added base are effective and 
ixnprovements in catalytic properties continue as the "measured 
P H" change increases with base addition. High base additions 
do not seem to adversely affect catalyst performance; however, 
high additions of hydroxides have been seen to cause sludging 
of the impregnation solution, creating manufacturing 
difficulties. When the base addition is too low, the hydrogen 
ion activity will not be affected. The hydrogen ion activity 
lowering procedure is also quite effective when used by itself; 
i.e., when no lonizable species concentrations are lowered 
prior to impregnation. 

The impregnated carrier, also known as a catalyst 
precursor, is dried in the presence of an atmosphere which also 
reduces the catalytic metal. Drying methods known in the art 
include steam drying, drying in an atmosphere with a controlled 
oxygen concentration, drying in a reducing atmosphere, air 
drying, and staged drying using a suitable ramped or staged 
temperature curve. 

By way of example, the invention will be described m 
more detail for a catalyst suitable for the vapor phase 
production of epoxides, also known as an epoxidation catalyst. 

An epoxidation catalyst typically comprises an 
inorganic carrier, such as for example, and alumina-based 
carrier such as a-alumina, with one or more catalyt ical ly 
reactive metals deposited on the carrier. The carrier 

typically contains certain lonizable species, for example an a- 
alumina carrier, typically contains species including sodium, 
potassium, alummates, soluble silicates, calcium, magnesium, 
alummosilicates, and combinations thereof. It has been found 
that silicates, and certain other anions, are particularly 
undesirable lonizable species in an epoxidation catalyst. As 
, already described, the solubilization rate of 

silicons/silicates may be measured by ICP and by XPS; however, 
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since sodiu, is soluble in the same solutions that silicates 
are soluble in, the solubilization rate of sodium ^ 
simpler chec, of the ionic 

measurement technique is to measure the electrioa 
of the treatment solution. 

According to the invention, the sodium solubilization 
rate of the carrier is controlled. The solubilization rate may 
2 controlled by lowering the concentration of lonizabl 
species on the surface. lonizable species concentration may be 
To ered by ,eans which render the iomzable species ionic an 
thereafter removing the ionic species, or by rendering those 

ILbie specres insoiuble, or rendering the 
mobile. ,or example, the carrier, or the raw -terrals of 
qub iected to washing; ion exchange, 
t-hP carrier, may be suJonecceu u 

atilizmg, precipitating, or sequestering the impurities 
causing a reaction to » k e the iomzabie species on ^ ™ ™ 
^- ar ;nnq thereof When washing is used, tne 
insoluble; and combinations thereor 

. „^ -in 3-1 w/w boiling water is 

sodium solubilization rate m 3 . 

preferably controlled to less than 5 ppmw Na/5 minutes. 
" Tne car rier having the controlled solubilization rate 

is impregnated with metal ions or compound(s), complex(es) 
is iiupi- a cn i„p n t sufficient to 

and/or salt(s) dissolved in a suitable 

cause the desired deposition on the carrier. When silver i 
the deposition material, a typical deposition is from about 

v, -„hi- oreferably from about 1 to about 
to about 40 percent by weight, preferably 

30 percent by weight silver, basis the weight of the total 
!l, t The impregnated carrier is subsequently separated 
rrom'the solution and the deposited metal ( s, compouno is 
reduced to metallic silver. 

one or more promoters may be deposited either prior 
to, coincidental^ with, or subsequent to the deposition of the 
me al. Promoters for operation catalysts are typically 
.elected from sulfur, phosphorus, boron, fluorine, Group 

rough croup VXXX metals, rare earth metals, and ^™ 
thereof. The promoter material is typically compounds and/or 
salt,s, of the promoter dissolved in a suitable solvent. 
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For olefin epoxidation oxide catalysts. Group IA 
metals are typically selected from potassium, rubidium, cesium, 
lithium. sodium, and cognations thereof; With potassium 
and/or cesium and/or rubidium being preferred. Even more 
preferred is a combination of cesium plus at least one 
additional Group IA metal, such as cesium plus potassium, 
cesium plus rubidium, or cesium plus lithium. Group IIA metals 
are typically selected from magnesium, calcium. strontium, 
barium, and combinations thereof, Group VIII transition metals 
are typically selected from cobalt, iron, nickel, ruthenium, 
rhodium, palladium, and combinations thereof; and rare earth 
metals are typically selected from lanthanum, cerium, 
neodymium, samarium, gadolinium, dysprosium, erbium, ytterbium, 
and mixtures thereof. Non-limiting examples of other promoters 
include perrhenate, sulfate, molybdate, tungstate, chromate, 
phosphate, borate, sulfate anion, fluoride anoin, oxyamons of 
Group IIIB to VIE, oxyanions of an element selected from Groups 
HI through VIIB, alkali (ne) metal salts with anions of 
halides, and oxyanions selected from Groups IIIA to VIIA and 
HIE through VIIB. The amount of Group IA metal promoter is 
typically in the range of from about 10 ppm to about 1500 ppm, 
expressed as the metal, by weight of the total catalyst, and 
the Group Vllb metal is less than about 3600 ppm, expressed as 
the metal, by weight of the total catalyst. 

For further improvement in catalytic properties, the 
hydrogen ion activity of the impregnation solution is 
optionally lowered, such as by the addition of a base. The 
typical impregnation solution for an epoxidation catalyst 
begins guite basic, so a strong base is used to further lower 
) the hydrogen ion activity. Examples of strong bases include 
alkyl ammonium hydroxide such as tetraethylammomum hydroxide, 
and metal hydroxide such as lithium hydroxide and cesium 
hydroxide. In order to maintain the desired impregnation 
solution formulation and metal loading, an organic base such as 
5 tetraethylammonium hydroxide is preferred. Base additions m 
these systems typically result in a "measured pH" change 



v. ^ 7 r,H units realizing that the "measured 
ranging up to about 3 pH units, 

pH << is not a true P H since the impregnation system is not 
aqueous. 

The carrier employed in these catalysts m its 
5 broadest aspects can be any of the large number o£ 
conventional, porous refractory catalyst carriers or carrier 
materials which are considered relatively inert. Such 
conventional materials are known to those skilled in the art 
and may be of natural or synthetic origin. Carriers for 
10 epoxidation catalysts are preferably of a macroporous structure 
and have a surface area below about 10 m'/g and preferably 
below about 3 m»/g. Samples of carriers for different 
catalysts are the aluminum oxides (including the materials sold 
under the trade name -Alundum"), charcoal, pumice, magnesia, 
15 zirconia, kieselguhr, fuller's earth, silicon carbide, porous 
agglomerates comprising silica and/or silicon carbide, silica, 
magnesia, selected clays, artificial and natural zeolites, 
alkaline earth carbonates, and ceramics. Refractory carriers 
especially useful in the preparation of olefin epoxidation 
20 catalysts comprise the aluminous materials, in particular those 
comprising a-alumina. In the case of a-alumina-containing 
carriers. preference is given to those having a specific 
surface area as measured by the B.E.T. method of from about 
0 03 m 2 /g to about 10 mVg, preferably from about 0.05 m /g to 
25 about 5 mVg. more preferably from about 0.1 mVg to about 3 
mVg and a water pore volume as measured by conventional water 
.^r^inn techniques of from about 0.1 to about 0.75 cc/g by 
volume The B.E.T. method for determining specific surface 
area is described in detail in Brunauer, S., Emmett, P. Y. and 
30 Teller, E., J. Am. Chem. Soc . , 60, 309-16 (1938). 

Certain types of a-alumina containing carriers are 
particularly preferred. These a-alumina carriers have 

relatively uniform pore diameters and are more fully 
characterized by having B.E.T. specific surface areas of from 
35 about 0.1 mVg to about 3 mVg, preferably from about 0.1 mVg 
to about 2 mvg, and water pore volumes of from about 0.10 cc/g 



to about 0.55 cc/g. Manufacturers of such earners Include 
Norton Chemical Process Products Corporation and Unrted 

Catalysts, Inc. (UCI). 

The resulting epoxxdation catalysts just desorrbed 
are used for the vapor phase production of epoxrdes . A typical 
epoxidation process involves loadrng catalysts into a reactor. 
The feedstock to be converted, typically a mixture of ethylene, 
oxygen, carbon dioxide, nitrogen and ethyl chloride, is passed 
over the catalyst bed at pressure and temperature. The 
catalyst converts the feedstock to an outlet stream product 
which contarns ethylene oxxde. Nitrogen oxrdes (NO,, may also 
be added to the feedstock to boost catalyst conversion 
performance. 

Having generally described the invention, a further 
understanding may be obtained by reference to the following 
examples, which are provided for purposes of illustration only 
and are not intended to be Ixmiting unless otherwise speexfxed. 

EXAMPLES 

Carriers 

T^e" properties of the carriers used in the Examples 
are given in Table I . 



10 




Volume (cc/g) 



Diameter (microns) 



~id-Leachable Na (ppmw) 



Bulk Acid-Leachable K (ppmw) 



ichable Ca (ppmw) 



Bulk Acid-Leachable Al (ppmw) 
Bulk Acid-Leachable Si0 2 (ppmw) 



alpha-Alumina (% w) 



Bal 



Method of Brunauer, Em^ett and Teller, loc . ext. 
* Flat Plate Crush Strength, single pellet. 

Fiat fxau _ g pa using 

c Determined by mercury ig™**™g Q 3 (? 3 o° contact angle, 0.473 
Micromeritics Autopore 9200 or 
N/m surface tension of Hg) - 

Ca^er_Wa^erJ^^ 

^-Z_l_1^_12 immersing 100 

Carrier washing was carried out Dy 

C _ wvi liner de-ionized water for 

grams of carrier m y^u. ^ 

5 minuteS . The carrier was then reeved Placed 
300 gr a mS o £ ^U, water for anotter S ™ ^ 

— -it w r;; e i; - ~- - - 

immersions, at wnicn p 

-•"-T;::.r™T;rr;:;;.r.i.... 
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Impregnation SoJLxxtj-on 

A silver-amine-oxalate stock solution was prepared by 

the following procedure: 

415 g of reagent-grade sodium hydroxide were 
dxssolved in 2340 ml de-ionized water and the temperature was 

adjusted to 50°C. 

1699 g high purity "Spectropure" silver nitrate were 
dissolved in 2100 ml de-xonxzed water and the temperature was 

adjusted to 50°C. 

The sodium hydroxide solution was added slowly to the 
sxlver nitrate solutxon, with stirring, while maintaining a 
soiutxon temperature of 50°C. The mixture was stxrred for 15 
minutes, then the temperature was lowered to 4 0°C. 

Water was removed from the precipitate created in the 
mxxxng step and the conductivity of the water, which contained 
sodium and nxtrate ions, was measured. An amount of fresh 
deionxzed water equal to the amount removed was added back to 
the sxlver solutxon. The solutxon was stxrred for 15 minutes 
at 40°C The process was repeated until the conductxvity of 
the water removed was less than 90 Mmho/cm. 1500 ml fresh 
deionized water was then added. 

630 g of high-purity oxalic acid dihydrate were added 
in approxxmately 100 g increments. The temperature was keep at 
4 0°C and the pH was kept above 7.8. 

Water was removed from the mixture to leave a highly 
concentrated silver-containing slurry. The silver oxalate 

slurry was cooled to 30°C. 

699 g of 92 %w ethylenediamine (8% de-ionized water) 
was added whxle maxntaining a temperature no greater than 30°C. 
i The resultxng solution contained approximately 27-33 %w sxlver. 

Enough 45 %w aqueous CsOH and water was added to this 
solutxon to gxve a finxshed catalyst having 14.5 %w silver and 
a desired cesium loading (see Examples) . 
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SodiumJ4easurement_P^^ 

. i _ -f qpiprted carriers 

The sodium solubilization rate of selecte 

Qndium content or tne 

„as determined by « SM1 n g . the 8611BN sodlum 

i T XPS The silicate solubilization rates were measured by 

c ■ ^ is used to evaluate the carrier as being a 
sampled at 5 minutes is used to Resu lts are 

g ood or poor candidate for catalyst preparation. 

given in Table II. 

TABLE II. Sodium Solubilization Rates 
for Selected a-Alumina Carriers 



Bulk Na 
Unwashed Carrier 
(ppmw) a 



438 
438 
752 



Extracted Na 
Unwashed Carrier 
(ppmw) _ 



Extracted Na 
Washed Carrier 
(ppmw) 



1.3 
1 . 
1 . 8 



20 



25 



- From Table I. _ exchange as described in Example 

b Following ammonium acetate excnang 

8 . 

pH Me^iremen^rc^edures 

2 ^TTn^io^r measurements were done using a 

Tr~744 PH meter, employing a model 6.0220.IUU 

:rtr:ieZra n d . , u . -« ::r: 

„ter for J^Ze ZLr solutions before 

ca librated ^ * ^ a 5Q cc aliquo t o £ the 

^ USe ' , to be used for a catalyst impregnation 

doped silver solution to be used to 

was filtered into a 100 cc g lass - ^ was 

— — ed - un ;. t : 1 ;;i::::id s i il, ::; th : ^ 

lowered into the magnetically stirrea 
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obtained after 3 minutes was recorded as the equilibrated pH . 
The probe was cleaned between each .measurement with deionrzed 
water, and checked for calibration. Special care was taker, to 
prevent accumulation of AgCl solids on the electrode membrane, 
such accumulation was removed by soaking the probe in ammonium 
hydroxide solution, as recommended by the manufacturer. 
Example 1 

Analyst pre-cursor was prepared from Carrier A by 
first subjecting the carrier to career washing. Following the 
wash, approximately 30 grams of washed Carrier A were placed 
under a 25 mm Hg vacuum for 1 minute at ambient temperature. 
Approximately 50 grams of the impregnating solution was then 
introduced to submerse the carrier, and the vacuum was 
maintained at 25 mm Hg for an additional 3 minutes. The cesium 
target was 450 ppmw/gram finished catalyst. The vacuum was 
then released and the excess impregnating solution was removed 
from the catalyst pre-cursor by centrifugat.cn at 500 rpm for 
two mrnutes. The catalyst pre-cursor was then dried while 
being shaken at 240°C for 4 minutes in a stream of arr flowing 
at 11.3 m 3 /hr. 

Example la (Comparative) 

Carrier A was impregnated as described in Example 1; 
however, the carrier was not subjected to carrier washing. The 
cesium target was 400 ppmw/gram finished catalyst. 
Example 2 

clr^ier B was subjected to carrier washing and 
impregnation as described in Example 1. The cesium target was 
450 ppmw/gram finished catalyst. 
Example 2a (Comparative) 
j Carrier B was impregnated as described in Example 1; 

however, the carrier was not subjected to carrier washing. The 
cesium target was 400 ppmw/gram finished catalyst. 
Example 3 

^rier C was subjected to carrier washing and 
5 impregnation as described in Example 1. The cesium target was 

300 ppmw/gram finished catalyst. 
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^SSl^J^^^ described in Example 1; 

Carrier C was impregnated as ctesc 

n^crad to carrier washing. The 
However, the earner was not subletted to c 
cesium target was 360 ppmw/gram finished tatalyst. 

Ex^ISEI^ ■ ^ t-o carrier washing and 

r.rrier A was subjected to carrier 
Carrier a cesium target was 

<- • r, a c. described in Example 1. The 
impregnation as desc addition, 35% aqueous 

450 ppmw/gram finished catalyst. ^ ^ ^ 

tetraethylammonium^ hydroxide (^H wa ^ ^ ^ ^ 

impregnation solution at a targe « measure d pH» 

solution, to lower the hydrogen ion activity 
of 13.2. 

E^xm^pI^Jd a ■ _. ^no ml of boiling 

^ of Carrier A were versed in 300 ml 

5 % w TEAH £ or IS min, then Versed ^"^^^ waB 

bo iling de-iomted water for IS minutes e oh e 

the n reeved and dried in a well ventrla ted oven t 

« — ' T - "" l " f r h r«r i r in action, 3S ,w 

T riiT S B CI- OH/oo Ag, to lower the hydrogen ron 

activity to a "measured pH" of 13 . 6 . 

SHElS-i , car rier washing and 

carrier A was subjected to carrier 
Carrrer a cesium target was 

impregnation as described in Example ^ TEAH was 

720 ppmw/gram "hished^ «taly ^ ^ ^ ^ 

dissolved in "~ ^ — ~ lower the hydr ogen activity 

o£ 117 . 8 micr omo es OH ,cc ^ ^ _ in water 

to a "measured pH ot nrov ide 1.5 micromoles 

and added to the stock solution to provide 
Re/gram finished catalyst. 
E2cample_7_ 

clr^ier A was subjected 
impregnation as described in Example 
450 ppmw/gram finished catalyst. 



to carrier washing and 
1. The cesium target was 
in addition, LiOH was 
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dissolved in water and added to the stock rmpregnatron solution 
to lower the hydrogen ion activity to a -measured pH of 13.2. 
samp le 7a (Compar ative^ 

^~^T^s^p7egnated as described in Example 7; 

however, the carrier was not subjected to carrier washing. The 
cesium target was 400 ppmw/gram finished catalyst. 

Example 8 

of earner A were immersed in 900 ml of a 

b oilrng 0.1 M solution of ammonium acetate for 15 mm, then 
immersed in 300 ml of de-ioni Z ed water at 25°C for 15 minutes, 
followed by version three times in 300 ml of boilrng de- 
ionized water for 15 minutes each. The carrier was then 
removed and drred in a well ventilated oven at 150 C for 8 
hour s The carrier was then impregnated as described rn 
Example 1. The cesium target was ,50 ppmw, gram rnrshe 
catalyst. In addition, LiOH was dissolved in water and added 
to the stock impregnation solution to lower the hydrogen ron 
activity to a "measured pH" of 13.2. 
Example 9 

, r^a-alumina source material for Carrier A was 

• a w^h^r- at 25°C, then homogenized with the 
washed with de-ionized water at ^ ^, 

same ingredients used to form Carrier * before . . xt ri ; r 
drying, and firing in a muffle furnace. The resulting carrier 
wal designated Carrier O. Carrier X, was used to prepare . a 
5 catalyst in the same manner as described rn Examp e 1 . The 
cesrum target was 510 ppmw/gram ^ 
addition, LiOH was dissolved rn water ~~ ~~ - 
impregnation solution to lower the hydrogen ron activity 
"measured pH" of 13.2. 
10 Examp2e_9a_lCpmp^rative)_ 

T^tli^aTp^pared from Carrier D rn the same 

manner as outlined in Example 9 ; however, the carrier was not 
subjected to carrier washing. The cesrum target was 
ppmw/gram finished catalyst. 



o£ Carrier * were versed in 300 ,1 of a 
boiling 0.1 M solution of bariu, acetate at «"C for IS .in 
th en Versed in 300 ml of de-ionized water at 2S°C for 
ml nutes followed by inversion three ti« in 300 ,1 of 
7 ed water for 15 .inutes each. The carrier was then 

de-ionized water lui ->--> 

rem oved and drred rn a well ventilated oven at ISO C for 18 



Example 1. The cesium target was 400 ppmw/gra™ fimshed 
m addition, LiOH was dissolved in water and added 



hours . Th e carrier was then impregnated as ^scribed 

Examp 

10 catalyst. ion to lowe r the hydrogen ion 

to the stock impregnation solution 
activity to a "measured pH" of 13.2. 

, . . pd to carr ier washing and 
Carrier A was subjected to came 
aHon as ascribed m Example 1. The cesxum target was 
15 impregnation as descri addition, LiOH was 

650 ppmw/gram finished catalyst. In additio 

.dded to the stock impregnation solution 
dissolved in water and added to tn 

to lower the hydrogen ion activity to a "measured pH of 13 2 
1 — was dissolved in water and added to the , « k 
: 20 impregnation solution to provide 1.5 ^cromoles Ke/gram 

finished catalyst. produce 

The catalysts of Examples 1-11 were used 
ethylene oxide from ethylene and oxygen. 3 to 5 grams of 

ed catalyst were loaded into a S.35 ^ in-ide dxa mete 
unless steel shaped tube. T he u tube was 
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3 0 inlet gas pressure was 1450 kPa . 



The gas mixture passed through the catalyst bed Un a 
once-through operation, during the entire test run ,in= udn* 

• ^ nf 25% ethylene, 7.0% oxygen, 5^ carbon 
start-up) consisted of Xbo «Luy 

and 2 o to 6 0 ppmv ethyl chloride, 
dioxide, 63% nitrogen, and 2.0 to o.u 



The initial reactor (heat m edru m , te.perature was 
A " j _ »- ra te of 10°C per hour 

180 o c The temperature was ramped at a rat 

180 o c to 225'C. and then adjusted so as to achieve a 
from 180 C to outlet gas 

constant ethylene -de level of 1 - 5 v 

3 f this conversion lever 
stream. Performance data at thi ^ ^ 

^ -i „4- Viae "hppri on stream iui a 

rr: r:,;r c- » «- 

«- = „q P d to determine the reeu 
instruments used ro „ rt ivitv of a given 

«-v,o mpasured selectivity and activity 
compositions, the measured 

ij^hv from one test run ru 
catalyst may vary slightly sele ctivity at 1.5% 

The initial performance values for select Y 
ethylene oxide were measured and are reported in Tahle XXX. 
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It can be seen that significant improvement in 
catalyst properties are seen when the sodium solubilization 
rate is lowered. Carriers A and B have dramatically lower 
sodium solubilization rates (see Table II) after being 
subjected to the Carrier Washing Procedure. Notice that 
despite the lower bulk sodium for Carrier C, it has a high 
sodium solubilization rate. Even further improvement is seen 
when the material used to make the carrier is washed before the 
carrier is formed, Carrier D. 

The hydrogen ion activity of the deposition solution 
for catalysts in Examples 4-11 was lowered by the addition of a 
base. It can be seen that lowering the hydrogen ion activity 
of the deposition solution further improves the catalytic 
properties. It is also evident that the phenomenon of the pH 
effect is not restricted to a particular catalyst formulation, 
as best illustrated in Examples 6 and 11, where a selectivity 
enhancing dopant, such as rhenium, is added to the impregnating 
solution . 

It will be apparent to one of ordinary skill in the 
art that many changes and modifications may be made to the 
invention without departing from its spirit or scope as set 
forth herein. 
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